Recent developments in polarization techniques for polarized targets in nuclear and high energy physics are reviewed. Both thermal equilibrium methods and dynamical methods are discussed.
I N T ROD U C T ION
The employment of polarized targets has proven to be a useful tool in nuclear and high energy physics during the last decade. Especially in high energy physics the total number and the different kinds of experiments carried out with polarized targets are growing rapidly. Quite a lot of effort has been invested in developing new target materials and new techniques. In this paper those developments are discussed that became applicable in the recent past or propably will do so in the near future.
In the first section the polarization by means of thermal equilibrium methods is discussed. These methods have only been applied in the nuclear physics energy region up to now. The second part is dedicated to the non-equilibrium methods with the dynamical polarization technique being the most frequently applied one. Moreover, some other techniques belonging to this category such as rotating targets, optical pumping and targets produced with polarized beams, will be mentioned.
. T HER MAL E Q U I L I B R I U M POL A R I Z A T ION
Magnetic moments can be oriented in space by putting them in The term brute force polarization is used when the magnetic field is supplied by an external magnet. On the other hand, in the hyperfine method the nucleus is polarized by an internal field created by unpaired electrons. Such internal fields are between 20 and 1000 T, so they allow higher working temperatures. From the low temperature front several interesting developments can be reported. . n R is by demagnetization of enhanced nuclear magnetlc systems .
Without external field such systems have no free electrons, thus the electron cloud has no magnetic moment. However, an externally applied magnetic field induces an appreciable magnetic moment, which is proportional to the field. The magnetic moment creates a hyperfine field at the nucleus, which is stronger than the external field by the so called enhancement factor (l+K). The situation can alternatively be described by an enhanced nuclear magnetic moment, which experiences only the external field. The enhanced moments have values in between the nuclear magneton and the Bohr magneton. The advent of the organic materials (such as alcohols and diols) was a large step forward. First, the ratio r is much higher (up to r = 0.24 for butanol), and secondly, the radiation resistance is about a factor of 100 better. The physics behind the dynamical polarization in these substances is somewhat different from that in the solid effect. The procedure is the same, however, i.e., the sampie is also doped with a small concentration of free electrons, kept at the same temperature, placed in a magnetic field of the same size and irradiated with microwaves of the same frequency range (about one hundred GHz)
The difference is that in those materials electron spin pairs can exchange energies up to the nuclear Zeeman energy. This causes the electron spin system (also called spin-spin interaction reservoir, because always two electron spins are involved)
to be strongly coupled to the nuclei. It is possible to cool this reservoir by microwaves with frequencies lying on the slope of the electron spin resonance curve.
1111
o I will now go through the most important developments made on target materials recently and then turn to the progress achieved in the experimental equipment.
Several difficulties had to be overcome in using organic targets:
i) one has to go below 1 K to achieve high polarization,
ii) most of them are liquid at room temperature, iii) suitable doping agents must be found to provide for the free paramagnetic centers.
The first point was solved by employing 3 He refrigerators.
Polarizations up to 90% can be obtained at the working temperature of about 0.5 K. A favourite circumstance is that at 0. Generally, higher polarizations can be obtained if one goes to lower temperatures. However, the cooling machine must be able to carry away the heat generated by the microwave irradiation. 4 The first targets were cooled to 1.0 -1.5 K by a pumped He-3 bath. The next step was the He-cryostat. It can carry away i) It can carry away large heat-inputs at still lower temperatures.
ii) The heat contact between the target and the coolant is better.
iii) The polarization can be frozen in by cooling rapidly to temperatures below 100 mK.
In the dilution refrigerator the target material (usually in the form of beads of about 1.5 mm diameter) is fully imbedded in the liquid. The he at contact is governed by the Kapitza resistance.
In an evaporation 3 He cryostat the he at resistance is the nucleate boiling resistance. Here the target is partially in contact with liquid and partially with gas. The result of the lower temperature and the better heat contact in the dilution refrigerator 3 as compared to the He cryostat is given in fig.4 taken from ref. 29 . The advent of the dilution refrigerator has increased these numbers to 98% and 40% respectively. Thus, especially for deuteron targets, important progress has been made.
Very low temperatures can be reached with dilution refrigerators provided that the he at load is low enough. This feature is employed in the so called frozen spin targets.
After the attainment of the desired amount of polarization, the microwave power is~itched off and the target is cooled down quickly to below, say, 100 mK. In this temperature region the proton spin-lattice relaxation proceeds only very slowly, so that the polarization is maintained over many days without freshing up by microwave irradiation. In summarizing, one may say that many new developments in the polarized target technology are in progress, where especially the improvements in cryogenic technology play an important role.
Thus it may be expected that new and better polarized targets will become available for experiments in the near future.
